Primitive mitotic mechanisms.
Unorthodox mitotic mechanisms are reviewed and their contribution to the understanding of evolution of the orthodox mitotic apparatus is considered. Dinoflagellates and hypermastigote flagellates are of particular significance because the microtubular mitotic apparatus is entirely extranuclear with the nuclear membrane persisting through mitosis. Chromosomes are attached to the nuclear membrane. In hypermastigole flagellates early kinetochore separation is on the nuclear membrane without any contribution from microtubules. In dinoflagellates the chromosomes are also attached to the nuclear membrane, but at least in some species cytoplasmic microtubules connect to the attachment site. In Syndinium the attachment site resembles a typical kinetochore, but is inserted in the nuclear membrane. A similar kinetochore is found in certain Radiolaria, but with an intranuclear spindle apparatus the association with the nuclear membrane is no longer necessary and has been lost. Mitosis in the yeast Saccharomyces is essentially orthodox, though chromosomes do not condense. No kinetochores are seen, but a single microtubule makes direct contact with the 20 nm chromatin fiber of each chromosome and shortens during anaphase. About 5-10 microtubules are continuous between the spindle pole bodies and form the elongating central spindle.